Interactions between a virus and a cell of the immune system can lead to suppression of the host's immune response and͞or suppression of viral replication. The two viruses infecting humans that this phenomenon has been most intensely studied in are measles virus (MV) and human immunodeficiency virus (HIV) (reviewed in ref. 1). In this issue of the Proceedings, two papers, one by Schlender et al. (2) and one by Blackbourn et al. (3) explore these concepts from different sides of the same coin.
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Suppression of the immune system was first documented 88 years ago by Clement von Pirquet (4) who observed that the tuberculin skin test of immune individuals was depressed during the course of acute MV infection from just prior to the rash until 1-2 months or more following its appearance. Although transiently depressed, the degree of immune suppression was sufficiently severe that prior to the discovery of corticosteroids, MV was used therapeutically to treat autoimmune nephrotic syndrome (5) . Furthermore, this suppression of immune function has long been appreciated as a major cause for the high mortality of currently over 1 million deaths per year and morbidity of currently over 40 million cases per year from MV infection (6, 7). These observations are firm, as is previous research documenting that MV infects cells of the immune system (8) (9) (10) (11) (12) (13) (14) (15) (16) , interferes with cellular and humoral immune responses and lymphoid proliferation (for reviews see refs. 1 and 17-20) and causes cell cycle arrest in late G 1 of infected T and B lymphocytes (21-23), but does not shut down protein synthesis of infected cells (23) (24) (25) (26) . However the mechanism(s) and molecules involved in the initiation and maintenance of this process have been poorly understood. The paper by Schlender et al. (2) in this issue addresses the mechanism of MV-induced immunosuppression.
Schlender et al. (2) built on an earlier observation of Sanchez-Lanier et al. (27) that responding lymphocytes do not themselves need be infected by MV in order for their proliferation to be suppressed in vitro, but require cocultivation with MV-infected cells. They confirm this finding, and show that the suppressive effect is abolished, if MV-infected cells and responding lymphocytes are separated by a 0.2 membrane filter, suggesting that cell-to-cell contact is required and that soluble factors may not be involved. Investigating which viral protein(s) is involved in mediating the interaction that triggers immune suppression, Schlender et al. (2) found that neither the hemagglutinin nor the fusion protein of MV was able to trigger suppression alone when expressed on a non-lymphoid cell type, but that coexpression of both proteins did. These results are cartooned in Fig. 1 . Whether both the MV hemagglutinin and fusion proteins are required to deliver signals to the lymphocyte, which affect its responsiveness; or alternatively, whether one of these proteins only functions to increase the overall avidity of the expressor-responder cell interaction (perhaps particularly necessary in the system used by Schlender et al. (2) where the expressor cell was not of lymphoid origin), or alternatively whether one protein affects the function of the other (e.g., it has been suggested that MV fusion may help MV hemagglutinin to form oligomeric structures at the cell surface) is unknown. In addition, the ligand(s) on the responding lymphocyte surface by which the signal that triggers immune suppression acts, remains unidentified. Furthermore, suppression does not appear dependent on an MV glycoprotein(s) binding the virus-cell surface receptor, the CD46 molecule (refs. 29-31; MV hemagglutinin not fusion binds to CD46) as mitogen-induced proliferation of rodent peripheral blood lymphocytes (PBL) or splenic lymphocytes is also inhibited after coculture with human MV-PBL. Rodent cells do not express the CD46 molecule (29, 31) . In addition, proliferation of HeLa cells that have high expression of CD46 molecules was not inhibited when cocultivated with human MV-PBL. Surprising were the different cell type specificities generated in this system by the rodent (rat PBL; mouse splenocytes) versus human HeLa cells.
These studies appear to stand in contrast to a paper by Karp et al. (32) reporting that cross-linking of the CD46 molecule with MV hemagglutinin, antibody to CD46 or with complement activation product C3b, is a required membrane event leading to inhibition of the production of the cytokine interleukin 12 and the postulated immunosuppression associated with MV infection. Thus, two pathways by which MV proteins may trigger immunosuppression are reported. The first by Schlender et al. (2) involves MV hemagglutinin and fusion joint activity and occurs independent of CD46, and the second by Karp et al. (32) is CD46 dependent and almost certainly involves MV hemagglutinin interaction. But perhaps these two pathways (and others?) are both involved. Karp et al. (32) did not directly evaluate the effect of interleukin 12 reduction on measles virus immunosuppression (i.e., report on functional studies), whereas as acknowledged by Schlender et al. (2) the effects of cytokines in the local milieu cannot be completely ruled out. More data will be required to clarify these issues, as will studies that define the immunosuppressive mechanism in vivo. Both the Schlender and Karp studies use in vitro models. Only then will the puzzle of MV-induced immunosuppression first presented by von Pirquet more than 88 years ago be solved.
The paper by Blackbourn et al. (3) in this issue of the Proceedings focuses on the other side of the coin, that is the ability of CD8 ϩ T cells in lymph nodes from HIV-infected individuals to decrease virus load in infected CD4 ϩ lymphocytes. The importance of host T-lymphocyte response (CTL) in control of many viral infections is supported by either evidence of the failure of CTL-deficient hosts to cleanse viruses from tissues during acute infections or direct evidence of their inability to lower or keep low viral loads during persistent infections. In HIV infection, HIV-specific CD8 ϩ CTL responses have been found prior to the generation of anti-HIV antibodies and are noted to be temporally associated with the fall in viremia and viral load during the acute phase of HIV-1 infection (33, 34) . Furthermore, the loss of anti-HIV CTL in the later stages of disease correlates with the reemergence of high viral loads (33, 34) . CTL recognize infected cells as foreign. In the conventional way, CTL recognize proteolytic fragments of viral proteins that are presented at the cell surface by the major histocompatibility complex glycoproteins (35, 36) . Two consequences may follow. First, CTL may directly lyse the infected cell (37-39), thus diminishing it as a factory able to produce virus. Second, CTL can release cytokines, notably interferon-␥ and tumor necrosis factor-␣, which are able to interfere with viral replication, transcription, or assembly and thereby clear infectious virus and viral sequences from cells without lysing them (39) (40) (41) (42) . Both mechanisms require triggering by a major histocompatibility complex-restricted recognition event and are likely complementary and likely occur together with the target (tissue) being attacked favoring enhanced participation of one pathway over the other in virus control (39, 41) . [Reprinted with permission from ref. 28 (Copyright 1995, Springer, Berlin) .]
Levy and associates (42) reported an unconventional way that CD8 ϩ T lymphocytes recognize and control virus infection. They found CD8 ϩ T lymphocytes that function without major histocompatibility complex restriction and lower viral loads in the absence of lysis and action of known cytokines, but with the release of a soluble suppressor factor. Blackbourn et al. (3) show for the first time that such ''unconventional'' CD8 ϩ T-cell activity is found in vivo. They report that these CD8 ϩ T cells are present in lymph nodes of HIV-infected individuals who better control their HIV infection, i.e., have lower viral loads, but are absent or have diminished activity in lymph nodes of patients who fail to control HIV loads. These kinds of observations (reviewed ref. 43) , coupled with others reporting on HIV and other human viral infections being controlled in association with CTL responses, the control of many viral infections by individuals with genetic disorders of immunoglobulin synthesis, and the use of animal models, all clearly indicate that CTL responses during infection or following solicitation by vaccination are important mediators of the control of viruses. The ability to define the peptides of viral proteins that function as recognition units for CTL (44) , the ability to incorporate such ''epitopes'' as short oligonucleotides in vaccines (45) , and the knowledge of what items are required to maintain CTL activity in vivo over time to be effective and efficient (46, 47) speak to the inclusion of this component of the immune response along with antibodies for effective vaccination. Finally, the current attempts to adoptively transfer CTL into persistently infected individuals (reviewed in ref. 48) should shortly allow a direct assessment of the role of this arm of the immune response in the control of viral infections.
